management practices and limits where and when a particular crop can be grown within a 1 0 5
household's already limited land holdings (Chapagain and Raizada, 2017; Pande, 1996) . Many 1 0 6 terrace farms are located in the sub-tropics which have uni-modal or bi-modal rainfall patterns 1 0 7 resulting in an extended dry season which severely limits production (Small and Raizada, 2017) .
0 8
Terrace farmers are made more vulnerable by global climate change. For example, in Nepal, 1 0 9
climate change has been associated with more frequent severe weather events (flooding, 1 1 0 hailstorms, drought, delayed Monsoon rainfall) (Small and Raizada, 2017) .Global climate 1 1 1 change is expected to decrease the predictability of rainfall, and warming will also shift spring 1 1 2 melting earlier (Morton, 2007) . In mountainous regions where meltwater can be used for 1 1 3 irrigation, this phenomenon will leave less available during the dry summer months when it is 1 1 4 critically needed (Morton, 2007) .
Another problem concerning terrace agriculture is soil stability. It was found in the mid-1 1 7 hills of Nepal that 93% of farmers faced some amount of terrace failure, which they spent an 1 1 8 average of 14 days of labour per year repairing (Gerrard and Gardner, 2000) . Preventing rain 1 1 9 from directly hitting the terraces, along with root systems that stabilize soils at terrace edges, 1 2 0 may help to prevent terrace failure (Acharya et al., 2007; Andersen, 2012 ; Gerrard and Gardner, 1 2 1 2000; Van Dijk and Bruijnzeel, 2004) . Erosion from terrace edges, causing loss of nutrient-rich 1 2 2 topsoil, is an important consequence of terrace topography (Van Dijk and Bruijnzeel, 2004) . For 1 2 3 example, in a study conducted over 2 years in the mid-hills of Nepal, there were losses of up to 1 2 4 12.9 tonnes of soil per hectare per year (Gardner and Gerrard, 2003) . Conservation methods such Remoteness can compound the impact of soil degradation and low productivity by Nepal, which notes that sale of surplus grain and vegetables and access to extension are limited 1 3 8 in the remote high hills (Paudyal et al., 2001) . Vulnerability to emergencies is also increased as Pods are reportedly ready to harvest after 3-4 months, and the seeds after 6-10 months 3 4 2 (Haq, 2011) . Forage yields have been reported to be ~6000 kg/ha, and dry bean yields range 3 4 3 from 1200-4800 kg/ha (Haq, 2011; Kay, 1979) . A study conducted in the Dominican Republic 3 4 4 noted that multiple cuts of forage can be removed in one season, and reported seed yield that 3 4 5 overlapped with soybeans under the conditions grown (Pound et al., 1972) .
There are many different reported utilities of C. ensiformis. The crop has good seed and 3 4 8 storage qualities (Pound et al., 1972) . Young leaves, pods and immature seeds are all edible by 3 4 9 humans (Haq, 2011), however the seeds must be soaked or boiled for several hours to soften and 3 5 0 remove toxic components, but even following these treatments, they are purportedly not very 3 5 1 palatable (Kay, 1979) . The plants can be a valuable forage for livestock, and sometimes dried 3 5 2 seeds are used as feed, however poisoning has been reported if seeds are uncooked or comprise 3 5 3 more than 30% of the livestock diet (Kay, 1979) . Two reports also mentioned that the high 3 5 4 protein content of C. ensiformis (generally reported between 23 and 28%) lends itself to the 3 5 5 opportunity for processing into protein isolates (Haq, 2011; Kay, 1979) . C. ensiformis has also 3 5 6 been studied as a green manure, and it was found that the deep root system and exceptional 3 5 7 nodulation gave the species a high capacity to provide nitrogen to subsequent crops (Wortmann 3 et al., 2000) . The species was found to fix 133 kg N/ha from the atmosphere, and was generally 3 5 9 more effective than several other legumes, including soybeans (Wortmann et al., 2000) .
There is limited information concerning genetic resources and improvement of C. 3 6 2 ensiformis, though there are apparently some breeding programs in India, Indonesia and Africa 3 6 3 with goals of creating higher yielding and lower toxicity varieties (Haq, 2011). 3 6 4 3 6 5
In the same genus, Canavalia gladiata, a more vigorous perennial climber often called the 3 6 6 sword bean, has some similarly encouraging characteristics. Originally cultivated in India 3 6 7 (Rajaram and Janardhanan, 1992) it was reportedly spread around the world by ancient peoples 3 6 8 intrigued by the sword-like length of its seed pod (Herklots, 1972) . Though it requires high 3 6 9 temperatures and reasonably fertile soils, there are some varieties that are resistant to drought 3 7 0 once established, and reports suggest that it is fairly resistant to pests and diseases (Ekanayake et al., 2000) . Yields of sword bean overlap with the range of yields observed with soybeans, and 3 7 2 this species has diverse uses as summarized (Table 3) (Ekanayake et al., 2000) . Since it is 3 7 3 already currently cultivated throughout Asia, acquiring seed and establishing growing methods 3 7 4
should be easier than for some of the lesser known species discussed in this article. vegetable, but it also produces a valuable gum (Kay, 1979; Whistler and Hymowitz, 1979) . Once 3 8 2 processed, guar gum can be used for applications both in the food industry and in other types of 3 8 3 manufacturing (Mudgil et al., 2014) . It is also reported that the saline and alkaline tolerating 3 8 4
properties of this species make it useful in reclamation of degraded soil (Kay, 1979) . Lupwayi, 2000) with reports that it was grown in India as early as 1500 BC (Maass and Usongo, 3 9 0 2007), though today it is grown worldwide (Maass et al., 2010) . It is considered to be an 3 9 1 excellent green manure to support the growth of cereals in a rotation system (Haque and 3 9 2 Lupwayi, 2000; Wortmann et al., 2000) though farmers appear to adopt it primarily when used 3 9 3 as a livestock forage in the dry season (Haque and Lupwayi, 2000) . This species shows great 3 9 4 diversity in both agro-morphological characteristics and potential uses, with possibly 3000 3 9 5 accessions available for future crop improvement (Maass et al., 2010) . It tends to require 3 9 6 adequate water during the early stages of growth, but once established can be extremely drought 3 9 7 resistant and produce many edible parts including pods, beans and leaves (Haq, 2011; Maass et 3 9 8 al., 2010) . One of the most promising qualities of this crop is that it has undergone some genetic 3 9 9 development to create improved varieties, significantly in India and Bangladesh, though yields 4 0 0 are generally considered to be low (Maass et al., 2010) . reported that grass pea may be the oldest domesticated crop in Europe, originating from Spain 4 0 7 (Hanbury et al., 2000; Pena-Chocarro and Pena, 1999) . The crop is reported to tolerate a wide 4 0 8 range of difficult conditions, and is considered a safety net for farmers during drought and 4 0 9 flooding when other crops fail (Hillocks and Maruthi, 2012; Malek et al., 2000) ; waterlogging is 4 1 0 common to rice terraces containing clay soils. However, the edible parts of this crop also contain 4 1 1 a neurotoxin that, when consumed in large quantities, can cause a condition called 'lathyrism' in 4 1 2 both humans and animals (Hanbury et al., 2000; Hillocks and Maruthi, 2012) . The toxin may 4 1 3 cause symptoms such as weakness and paralysis, thus reducing farm labour capacity, and this 4 1 4 toxin is associated with several species of this genus (Hanbury et al., 2000) . Other species that 4 1 5
show potential include Lathyrus japonicas, commonly referred to as sea pea, and Lathyrus 4 1 6 tuberosus, often referred to as the earthnut pea. Little is known about these two species, but there 4 1 7 are claims that they were used historically for food and may have potential for similar uses to L. found since ancient times (Mehra and Upadhyaya, 2013) . This species is also sometimes referred 4 2 8 to as Dolichos uniflorus, and is utilized as a low-grade pulse crop, a forage for cattle/horses 4 2 9
(particularly because it is available throughout the dry season) and as a green manure (Mehra and 4 3 0 Upadhyaya, 2013; Siddhuraju and Manian, 2007; Cook et al., 2005) . It is widely cultivated, 4 3 1 however limited attention has been paid to it in terms of genetic development or marketing, so it 4 3 2 is still referred to as underutilized, similar to several other crops in this review. Nevertheless, carbohydrates, and potentially also iron and calcium as long as certain preparation methods are 4 3 7 used to break down anti-nutritional compounds (Bravo et al., 1999; Sudha et al., 1995) .
3 8
Participatory trials have been conducted that showed considerable success at addressing some of 4 3 9 the challenges of resource poor farmers when horse gram was intercropped with maize in India 4 4 0 (Witcombe et al., 2008) . Farmers reported that labour demand decreased due to ground cover 4 4 1 provided (particularly female drudgery such as weeding), and they were able to harvest both terrace farmers, M. pruriens, commonly referred to as velvet bean (Haq, 2011; Kay, 1979) . This 4 5 4 species, which originated in Asia, can be either an annual or perennial, and is now grown 4 5 5 throughout the tropics, particularly in the western hemisphere (Haq, 2011; Kay, 1979) . It is 4 5 6 generally suited to high rainfall areas, however some drought tolerant varieties are reportedly decrease its digestibility (Rich and Teixeira, 2005; Siddhuraju et al., 1996) . It has been reported, 4 6 9 however, that proper processing and cooking methods involving heat can significantly decrease 4 7 0 the levels of undesirable compounds (Haq, 2011; Siddhuraju et al., 1996) . When investigating 4 7 1 the harvest window in which nutrition for animal feed was optimized, it was found that between 4 7 2 110-123 days after planting, crude protein and fibre content remains constant, although dry M. pruriens has also been used as a cover crop and green manure, with some success.
7 7
One study noted that when intercropped with corn there were decreased negative impacts by and shading the crop (Lawson et al., 2007) . It will be interesting to test how these two crops 4 8 4 perform when velvet bean is allowed to grow on the terrace wall, with maize cropped along the 4 8 5 remainder of the terrace. When velvet bean was planted as a cover crop 6 weeks after maize was 4 8 6 planted, it produced less ground cover, however the maize yields were higher and there was still 4 8 7 significant weed suppression (Lawson et al., 2007) . Recently, to investigate the issue of 4 8 8 smothering, M. pruriens was used in rotation with maize as a relay crop in fallow seasons, instead of being intercropped, and it was an effective green manure, improving the fertility and 4 9 0 structure of the soil (Ortiz-Ceballos et al., 2015) .
It is encouraging to note that recent studies are being undertaken to address obstacles to 4 9 3 the adoption of this legume, therefore potentially leading to a more thorough understanding of its 4 9 4 agronomic characteristics (e.g. drought tolerance, cover crop and nutritive potential) and how 4 9 5 they may be useful in addressing the challenges of terrace farmers. continents (Sorensen et al., 1997) . This species is similar to P. tuberosus in structure and is also 5 1 5 grown for its tuberous roots (Sorensen et al., 1997) . The larger-scale production of this species 5 1 6 has allowed for the development some processing industries (Melo et al., 2003) . Regarding these cultivated and consumed worldwide (Broughton et al., 2003; Kay, 1979) . It provides as much as subsistence farmers (NRC, 1981) . Winged bean is a valuable green manure due to its exceptional 5 7 0 nodulation ability (PFAF, 2012) and has also been successfully grown as a cover crop with tree 5 7 1 species such as coconut, banana, oil palm, rubber and cacao in Ghana (NRC, 1981) . The crop 5 7 2 uses these trees as support to climb without inhibiting their growth, and otherwise requires stakes 5 7 3
for support (NRC, 1981) . Arguably the most valuable trait of this species is that most organs are almost an identical nutritive value to soybeans, containing a significant amount of protein 5 7 8 (around 37.3%), with the advantage of superior palatability (Cerny et al., 1971) . This feature 5 7 9
eliminates the need for fermentation that is required to produce many soy products traditionally 
9 7
Pueraria species appear to be adapted to many adverse conditions, such as drought, acidic and 5 9 8 marginal soils, and recently disturbed or depleted land, however they cannot tolerate 5 9 9
waterlogging (Keung, 2002; Mikhailova et al., 2013; Tsugawa, 1985) . It has been reported that 6 0 0 P. phaseoloides is suitable for growth as a cover crop under coconut, showing exceptional 6 0 1 nodulation and nitrogen fixation, and shows potential for intercropping with other plantation 6 0 2 crops (Keung, 2002; Thomas and Shantaram, 1984) . P. montana and P. phaseoloides have both 6 0 3 been noted to be used as a forage and cover crop, and P. tuberosa roots can be eaten raw as a 6 0 4 famine food or used as an animal feed, but it is also reported to have a multitude of traditional 6 0 5 medicinal uses (Keung, 2002; PFAF, 2012) . P. montana can also be consumed by humans, either 6 0 6 the cooked roots or young shoots and leaves (PFAF, 2012) . It has been reported that kudzu 6 0 7
should not be harvested or grazed in the first two years of growth to prevent failure, however 6 0 8 once established it produces well for grazing and can recover from livestock trampling and 6 0 9 defoliation (Tsugawa, 1985) . In fact, kudzu can become so competitive that the crowding out of 6 1 0 other crops may become an issue, and its cultivation has been discouraged in the United States morphologically diverse species is Sphenostylis stenocarpa. A hallmark of this African species is 6 2 0 that produces both edible grains and tubers. As a result, this legume is informally referred to as 6 2 1
African yam bean, but it is a little-known crop that nevertheless holds importance to tropical 6 2 2 Africa (NAS, 1979) . It is cultivated deliberately throughout much of western Africa, but is 6 2 3 gathered from the wild in other parts of the continent, with most production being based on 6 2 4 traditional indigenous knowledge (Oagile et al., 2007; Potter, 1992) . When grown deliberately, 6 2 5 it is often harvested as an annual, however if its tubers are left in the ground they can act as 6 2 6 organs of perennation (tuber-based regrowth) (Potter, 1992) . It has been reported that it requires 6 2 7 a humid tropical environment with well-drained soils to be successful, but can tolerate acidity 6 2 8
and low-fertility reasonably well (NAS, 1979) . It is normally grown on trellises or stakes, and 6 2 9 varieties vary in their climbing ability from delicate to robust (Oagile et al., 2007; NAS, 1979) .
3 0
Some reports claim that one may still yield tubers from unsupported S. stenocarpa plants (NAS, 6 3 1 1979). This crop has also been noted to have a high capacity to deposit nitrogen for subsequent 6 3 2 crops, for it has a low N harvest index, which shows potential for its use as a green manure or 6 3 3 cover crop (Oagile et al., 2007) . 6 3 4 6 3 5
As noted above, the main use of this species is for human consumption of both the seeds 6 3 6
and tubers (Potter, 1992; NAS, 1979) . The tubers take 7-8 months to mature and are reported to 6 3 7 have a flavour similar to potatoes, however a much higher protein content (Potter, 1992; NAS, 6 3 8 1979) . The seeds mature in a similar timeframe, and must be soaked and/or boiled for several 6 3 9 hours to soften, which is often pointed out as a limitation to the crop's adoption (Potter, 1992;  6 4 0 NAS, 1979) . The seeds may then be boiled, fried or made into a paste and are reported to contain 6 4 1 between 19.5-29% protein (Potter, 1992; NAS, 1979) . There is limited mention of the use of S. 6 4 2 stenocarpa as animal feed or forage, although one study did note it as a potential good source of 6 4 3 protein for livestock (Potter, 1992) . Yields have been claimed to be as high as ~2000 kg/ha, but 6 4 4 more typically are reported to be around 300-500 kg/ha (Potter, 1992; NAS, 1979) . These low 6 4 5 yields are the result of several production constraints, which likely also limit adoption of this 6 4 6 crop beyond its current range. These constraints include inadequate agronomical guidelines, lack 6 4 7 of uniform planting material (for either seed or tuber propagation), and a lack of improved 6 4 8 varieties (Oagile et al., 2007) . has been noted to grow in this area and has been reported to show good seed yields, herbage and 6 5 5 digestibility for use as a forage, though there is considerable variability between varieties (Abd 6 5 6
El Moneim, 1993; PFAF, 2012) . It has been reported that the early developing fibrous root 6 5 7 system and early nodulation make this species suitable for low-input systems, since these 6 5 8 nodules can supply nitrogen from the early stages of plant growth (Vlachostergios et al., 2011) .
5 9
The seeds of V. sativa are also noted to be nutritious for humans (though not very palatable), 6 6 0 which may be cooked or dried and ground into flour (PFAF, 2012) . A technique that has been 6 6 1 investigated for organic or low-input farming involves planting a mix of several cultivars of V. 6 6 2 sativa with the goal of more stable yields and disease resistance; this approach shows promise 6 6 3 despite some practical difficulties (Vlachostergios et al., 2011) . The work conducted on vetches 6 6 4 by ICARDA may support the potential cultivation on terrace walls during the dry season. 6 6 5 6 6 6
Another species of some note is V. americana, a perennial sprawling or twining legume 6 6 7 with extremely variable morphology that grows throughout North America, from the Yukon and 6 6 8
Northwest Territories to Texas and California (Kenicer and Norton, 2008) . The cooked young 6 6 9 shoots as well as immature pods and mature seeds have been reported to be consumed by 6 7 0 indigenous populations of North America (PFAF, 2012). However, for this species to be useful 6 7 1 for terrace farmers, significant research would need to be conducted concerning its ability grow 6 7 2 in new environments and its utility (PFAF, 2012) . Similarly, the plethora of species within Vicia 6 7 3 likely hold potential as crops for terrace walls, but more research will be required. 6 7 4 6 7 5
Vigna: The genus Vigna includes several drought tolerant legumes of critical importance to 6 7 6 human societies, and includes climbing varieties of cowpea (V. unguiculata) and rice bean (V. 6 7 7 umbellata). Cowpea is an annual crop native to Africa that is considered to have great potential 6 7 8
to improve the nutritional status of millions of malnourished people (NRC, 2006) . It is grown in 6 7 9
areas of Africa, Asia and the Americas and is extremely tolerant to heat and drought, with some 6 8 0 cultivars producing grain with less than 300 mm of rainfall (NRC, 2006; Ehlers and Hall, 1997) .
8 1
It is generally cultivated at low altitudes and replaced by common bean higher up, however 6 8 2 cowpea is reported to be grown at high altitudes in Kenya and Cameroon (Ehlers and Hall, 1997) 6 8 3 indicating that growing cowpea is possible in mountainous regions where the majority of terrace 6 8 4 farmers are located. Cowpea has also been reported to produce well in shaded environments, 6 8 5 further confirming its suitability for terrace agriculture (Bazill, 1987) . Cowpea is often 6 8 6 intercropped with sorghum, millets, maize, cassava and cotton, though intensive monocrop 6 8 7 systems are present in some places (NRC, 2006; Ehlers and Hall, 1997) . Edible parts include the 6 8 8 fresh green leaves (which are a good source of iron), green pods and beans, but most commonly 6 8 9 8 0 0 risers, the terraces may need to be inverse-sloped. remote regions, using existing networks such as snack food and alcohol vendors may be useful. these resources are open access and can be downloaded for free.
3 7
3. Development of markets: To provide market incentives, value chains will need to be 8 3 8
established to permit sales of surplus crops for human food or animal feed and forage. 
